ABSTRACT
INTRODUCTION
Aspergillus section Fumigati (= A. fumigatus group) was introduced for thermotolerant and thermophilic species with uniseriate, columnar conidial heads and green-colored conidia (Raper and Fennell 1965) . Before changes were made to the current International Code of Nomenclature for algae, fungi and plants, during the age of dual nomenclature, the species belonging to this section that could produce a sexual state were classified in Neosartorya. Following the proposal of Samson et al. (2014) , all species of this section, including the sexual reproducing ones, are named under their Aspergillus name. , Samson et al. (2007 accepted 33 species in section Fumigati. Since then, the number of species in this section steadily increased and more recently Sugui et al. (2014) accepted 51 species. The most well-known member of this section is A. fumigatus. This species retrieved much attention in clinical settings as it can cause a wide spectrum of diseases ranging from mild to severe lifethreatening symptoms in humans (De Hoog et al. 2000) . In food industries, other species of this section are of importance because of their ability to spoil pasteurized products (Samson et al. 2010 ). An example is the heat-resistant species A. fischeri (synonym Neosartorya fischeri), a sister species of A. fumigatus.
Actually, in order to gain insight in the virulence and epidemiology of A. fumigatus, A. fischeri and A. fumigatus were among the first genome sequenced taxa in Aspergillus (Fedorova et al. 2008) .
In the last decade, an increase of azole-resistant A. fumigatus strains was observed (Snelders et al. 2008) . During the survey on the occurrence of such azole-resistant A. fumigatus strains in German soils (Bader et al. 2015) , one sample yielded two colonies, visually appearing as A. fumigatus, but these isolates could not be identified by matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF). Sequencing of the ITS locus showed that the isolates belonged to Aspergillus section Fumigati, but no significant similarity matches could be retrieved.
Using a polyphasic approach, combining partial β-tubulin (BenA) and calmodulin (CaM) sequence data, macro-and micromorphology characteristics and temperature-growth data, we show that the two isolates represent a yet undescribed species, and the name A. oerlinghausenensis sp. nov. is here proposed.
MATERIALS AND METHODS

Strains
Both investigated strains were recovered from a soil sample collected in Oerlinghausen, Germany as described previously (Bader et al. 2015) . In short, the soil was suspended in 0.5% saponin, and after settlement of the debris, the supernatant was centrifuged. The obtained pellet was resuspended, plated on itraconazole or voriconazole-containing agar and incubated at 40
• C for at least 3 days. Resulting colonies were spread onto fresh agar, and their drug susceptibility was determined according to EUCAST rules (EUCAST 2008) . The strains were deposited in the CBS-KNAW Fungal Biodiversity Centre (CBS) culture collection (Utrecht, the Netherlands) under accession numbers CBS 139183 ( = IBT 33878 = DTO 316-A3) and CBS 139184 ( = IBT 33877 = DTO 316-A4). The type specimen was placed in the CBS herbarium.
Molecular studies
DNA extraction was performed from 2 to 3 days old cultures on malt extract agar (MEA; Oxoid) using the Ultraclean Microbial DNA isolation Kit (Mo-Bio, Solana Beach, USA) and DNA was stored at -20 • C. The ITS barcode and a part of the CaM and
BenA gene was amplified and sequenced according the methods described by Houbraken, Spierenburg and Frisvad (2012) . Sequence contigs were assembled in Seqman v. 10 (DNA-Star Inc.). Primers developed by Barrs et al. (2013) T (MAT1-1 and MAT1-2). To determine the possible drug resistance mechanism, the cyp51A gene was sequenced as described before (Bader et al. 2015) . Newly generated sequences were deposited in GenBank under accession numbers KT359601-KT359609.
Phylogeny
β-tubulin and calmodulin reference sequences of strains belonging to Aspergillus section Fumigati (Samson et al. 2014; Sugui et al. 2014) were downloaded from GenBank, and the newly generated sequences were added to this data set. The data sets were aligned using the Muscle software. Prior to the analysis, the most suitable substitution model was determined, utilizing the Akaike Information Criterion (AIC). Statistical support of the data sets was measured by Maximum Likelihood (ML). Aligning of the sequences and the analyses were performed using MEGA6 (Tamura et al. 2013) . Bootstrap values (bs) higher than 70% were plotted on the phylograms, and both phylograms were rooted with A. clavatus (NRRL 1). The ITS sequences were not used in the phylogenetic analysis and were only examined for their species identification ability.
Morphology and physiology
The macro-and micromorphology of the two strains was compared with data published in literature. In addition, typical strains of A. fumigatus CBS 127800 and CBS 127801, and A. fischeri CBS 544.65 T and DTO 307-E3 were included in this analysis. For macroscopic analysis, all isolates were inoculated in a three-point pattern on creatine sucrose agar (CREA), Czapek yeast autolysate agar (CYA), CYA supplemented with 5% NaCl (CYAS), dichloran 18% glycerol agar (DG18), MEA, oatmeal agar (OA), Sabouraud dextrose agar (SDA, Difco) and yeast extract sucrose agar (YES). Difco's yeast extract was used in the agar media. Colony diameters and other macroscopical features were recorded after 7 days of incubation at 25
• C in darkness. The isolates on MEA and OA were incubated up to 10 weeks and followed in time for potential ascospore formation. Furthermore, growth curves were made on CYA and MEA incubated for 7 days at 27
• C and 50
• C. For microscopic examination, mounts of the strains were made in lactic acid from the MEA colonies according Samson et al. (2014) .
RESULTS AND DISCUSSION
Phylogenetic analysis and sequence-based identification
The length of the BenA data set was 423 basepairs (bp) and that of the CaM data set 553 bp. The Kimura 2 parameter with gamma distribution (+G) was found to be the most suitable model for both alignments. The BenA and CaM phylogenies show that the isolates from German soil (CBS 139183 and CBS 139184) are accommodated in Aspergillus section Fumigati (Fig. 1 ). These two isolates are in both phylograms most closely related to A. fumigatus (BenA 83% bs; CaM 83% bs) and basal to these two species is A. fischeri (BenA 98% bs; CaM 98% bs). No nucleotide differences were observed between the two Aspergillus strains. These sequences are different from the other species in section Fumigati. 
Morphology and physiology
The two A. oerlinghausenensis isolates are phenotypically similar in their growth rates and sporulation patterns on the used agar media. The isolates attain a diameter larger than 50 mm in 7 days at 25 combination of characteristics confidentially places these isolates in section Fumigati, and this placement is confirmed by molecular phylogenetic data. The isolates are phylogenetically related to A. fischeri and A. fumigatus. The ability to grow at 50
• C is a distinguishing feature for A. fumigatus, and this character is used to differentiate it from other clinical section Fumigati species (Balajee et al. 2007 
Mating type analysis
Only the MAT1-1 idiomorph was detected in A. oerlinghausenensis during the mating type PCR analysis. The PCR amplicons were sequenced and a homology search on GenBank confirmed their designation to MAT1-1. This data show that A. oerlinghausenensis is protoheterothallic. This term was introduced for asexual species where genetic evidence, such as the presence of complementary MAT loci, indicates the presence of a sexual cycle (Houbraken and Dyer 2014) . The A. oerlinghausenensis cultures were inoculated on oatmeal agar and incubated up to 10 weeks. No sexual state was detected in the cultures; however, hyphal coils resembling ascoma initials were observed by light microscopy. Although it is possible that only isolates with a MAT1-1 signature are present in nature (clonal distribution), heterothallism is also frequently occurring in section Fumigati (Houbraken and Dyer 2014) . When strains with a MAT1-2 signature are isolated, then experiments can then be performed to show whether this species has a fully functional heterothallic mating system.
Ecology
BLAST searches with BenA, CaM and ITS sequences of A. oerlinghausenensis on GenBank, and the internal sequence database at CBS-KNAW Fungal Biodiversity Centre did not retrieve any high similarity matches. This suggests that A. oerlinghausenensis is an uncommon species and is therefore probably not relevant as a human pathogen. However, this would yet have to be confirmed experimentally e.g. in a mouse model system. This species is phylogenetically closely related to A. fumigatus and shares several characters with this species such as growth at 50
• C and a (proto)heterothallic mating system. This places A. oerlinghausenensis in a good position as a potential non-pathogenic species for comparative virulence studies with A. fumigatus. The investigated strains were isolated from azole containing agar media, and it is therefore unknown whether this resistance phenotype is due to mutations in the cyp51A gene, or if it is an intrinsic fea- (Fig. 2) . Potentially, this might explain the observed susceptibility profile; however, the possibility that another resistance pathway is present should also be considered as azole resistant A. fumigatus isolates with a wild-type version of the cyp51A can readily be found (Bueid et al. 2010; Bader et al. 2013 Bader et al. , 2015 .
Taxonomy
Based on the data presented above, we show that CBS 139183 and CBS 139184 are well separated from all other species in section Fumigati and describe A. oerlinghausenensis here as a new species. We choose to describe this species under the Aspergillus name following the concept of Samson et al. (2014) . Aspergillus oerlinghausenensis Bader & Houbraken, sp. nov. Mycobank MB813868 (Fig. 3) .
Etymology: named after Oerlinghausen, Germany, the collection location of the type strain. days: colony surface floccose when sporulating, mainly consisting of white mycelium, sporulation sparse, pale green; soluble pigment absent; exudate absent; reverse white. Micromorphology: Hyphal coils, resembling initials observed after 7 days of incubation; ascomata not observed on MEA and OA after 10 weeks of incubation at 25
• C, 30
• C and 37
• C. Conidial heads columnar, uniseriate. Stipes hyaline, smooth walled, 100-30 × 5.0-7.0 μm. Vesicles subglobose, up to 30 μm in diameter when fully grown, smaller (<15 μm) when young. Phialides ampulliform, 6.5-8.5 × 2.0-3.0 μm, covering ∼50%-75% of the head. Conidia subglobose to broadly ellipsoid, smooth to finely roughened, 2.0-3.0 × 2.5-3.0 μm; average width/length = 0.89, n = 53; Hülle cells absent.
